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Abstract 
 This study examined the development patterns in Lancaster and Seward Counties and 
their interaction with local agriculture.  The Lincoln-Lancaster Planning Department approved a 
development plan through the year 2040, referred to as LPlan 2040.  Data from the USDA 
Census and the Lincoln-Lancaster Planning Department was collected in Excel and used for 
multivariable regressions.  Historical trends in development and factors of development were 
analyzed, and then compared to LPlan 2040.  The factors of development include the value of 
farmland, the number of farms, and the population of Lincoln.  The focus of the agricultural 
analysis was the change in farm size due to the connection between farm size and local food 
markets and environmental conditions.  Factors of change in farm size that were examined 
include the value of farmland, the price of corn, and the cumulative area of Lincoln.  
Additionally, these trends in farm size were examined over time and projected to estimate the 
characteristics of agricultural production in 2040.    
 The Lincoln-Lancaster Planning Department stated that the goal of LPlan 2040 was to 
reduce urban sprawl (2011).  This is important because urban sprawl not only reduces natural 
spaces and agricultural land, but can generate hazardous environmental consequences.  This 
study found that the planning department was successful at keeping the size of Lincoln in 2040 
under the projected cumulative area based on the historical annual rate of development.  Also, 
the size of farms in Lancaster and Seward Counties appears to be strongly bimodal by 2040.  
Moderately sized farms are projected to reach zero, while the majority of farms will be either 
under 140 acres or over 1,000 acres in 2040.  This could have significant impacts for local food 
markets as well as environmental conditions in these counties. 
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Introduction 
With the world’s population expanding to an unprecedented level, the allocation of 
today’s resources becomes an ever more important issue.  One of the most critical resources, 
land, is at the greatest risk of being abused or overrun in the future.  Not only do we need land 
for housing, but land is also critical for growing food, among other resources, to meet the needs 
of these expanding populations.  The expansion of cities and the preservation of agricultural 
systems are often incompatible, but each is necessary in a growing society.  Therefore, decisions 
regarding land use are of grave importance and can have significant impacts.  
The term population growth usually generates the perception of birth rates exceeding 
death rates.  While this is true in many developing countries, such as India and those in Africa, 
there are other factors that play into a country’s growth rate.  For instance, the United States birth 
rates are close to the replacement rate but populations continue to expand.  “The United States 
continues to add population from high fertility rates, high immigration, and longer life 
expectancy, increasing 1 percent per year, or another 150 million people by 2050” (Heimlich & 
Anderson, pg 2).  Regulating populations within countries as well as cities goes far beyond 
reducing family size.   
One of the trends that has been found to impact population in cities is the increase in the 
rate of rural to urban migration.  This means that more people are choosing to live in developed 
areas than in more natural settings.  “The urban share of the world population has increased from 
14 percent at the beginning of the twentieth century to almost half today; it is highest by far in 
the developed countries” (Meyer & Turner, pg 47).  With the more people moving into urban 
areas, it follows that more land must be developed to accommodate these new residents.  “The 
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extent of urbanized areas and urban places, as defined by the Bureau of Census, more than 
doubled in 30 years from 25.5 million acres in 1960 to 55.9 million acres in 1990” (Heimlich and 
Anderson, pg 2).  This is a significant increase in the amount of land that has been converted 
from natural or agricultural land to metropolitan areas.   
While the surge of urban areas may be startling, the actual share of acreage that cities 
occupy globally is less impressive.  Urban areas occupy less than two percent of the earth’s land 
surface (Lambin et al, 2001).  Even though the amount of developed land is not dominating the 
earth’s surface, there are trends in urban living that make controlling the sprawl of cities more 
difficult.  For instance, the number of houses demanded has increased partially due to the 
reduction of number of people per residence.  “Average household size has dropped to 2.6 
persons, creating about 1 million new households, the unit of demand for new housing, each year 
in the 1990s” (Heimlich and Anderson, pg 2).  The decrease in household occupants does not 
mean lower populations, but instead implies a more expansive city.  “Population density in 
urbanized areas dropped by more than 50 percent, from 8.4 to 4 people per acre, over the last 50 
years” (Heimlich and Anderson, pg 2).  Rising urban populations combined with decreasing city 
density unavoidably equates to greater demand for housing and land.  
Not only is there a greater demand for developed land, but there are social changes 
associated with cities that can be hazardous. One study found that 60 percent of the world’s 
population will be urban by 2025 and also demonstrated that living in a city increases individual 
consumption (Lambin et al, pg 265).  Therefore, more people moving into cities increases 
consumption as well as waste tremendously.  This is a critical issue when considering the 
carrying capacity and production possibilities of the earth.  “Human activities now appropriate 
nearly one-third to one-half of global ecosystem production and as development and population 
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pressures continue to mount, so could the pressures on the biosphere” (Foley et al, pg 570).  
Increasing the number of people living in cities with higher consumption demands potentially 
burdens our planet to an irreversibly dangerous point. 
In addition to social changes associated with city life, the development of urban areas 
also has serious environmental and ecological consequences.   
“Land-use and land-cover changes are so pervasive that, when aggregated globally, they 
significantly affect key aspects of Earth System functioning.  They directly impact biotic 
diversity worldwide, contribute to local and regional climate change as well as global 
climate warming, are the primary source of soil degradation, and, by altering ecosystem 
services, affect the ability of biological systems to support human needs (Lambin et al, pg 
262). 
Essentially, there are two ways in which these types of impacts take place.  The first is by 
altering one of earth’s global systems, such as emissions into the atmosphere, and the second is 
through “patchwork” impacts that accumulate globally, such as biodiversity loss (Meyer and 
Turner, 1992).  While the conversion of land from a natural space into an urban area may not 
immediately appear to have any significant consequences, there are several aspects of city 
development that create substantial environmental problems.   
 One of the most critical impacts of converting natural spaces to developed land is the loss 
of evapotranspiration from covering the soil with impermeable surfaces, such as concrete or 
asphalt.  These surfaces prevent water from entering or leaving the soils, which results in higher 
local temperatures.  The term for this increase in temperatures is the urban heat island effect.  
“The reduced vegetation cover, impervious surface area, and morphology of buildings in 
cityscapes combine to lower evaporative cooling, store heat, and warm the surface air” (Foley et 
al, pg 571).  Sometimes this combination of factors is referred to as creating an urban canyon 
because the tall buildings trap the warm air, which is created by the lack of plants and exposed 
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moist soils.  While typically these elevated temperatures are considered to be regional, several 
studies report that the increase in developed areas is having a global impact.  “A recent analysis 
of climate records in the United States suggests that a major portion of the temperature increase 
during the last several decades resulted from urbanization and other land-use changes” (Foley et 
al, pg 571).  Frequently, greenhouse gas emissions are labeled as the single driving force behind 
global climate change, but clearly the conversion of land cover can have significant implications 
as well. 
 In addition to raising local as well as global air temperatures, urban areas also have 
impacts on water systems, both locally and globally.  Similar to the reason for increased air 
temperatures, the impermeable surfaces in cities prevent water from passing through the soil as it 
would in natural settings.  This implies that the “increased amount of surface flow will wash 
away more contaminants from the land surface” (Tong and Chen, pg 388).  Residential and 
commercial zones had significant levels of nitrogen and phosphorus, in addition to sodium, 
cadmium, lead, conductivity, BOD, and zinc (Tong and Chen, 2002).  The runoff from urban 
areas enters local water systems, which eventually disperse throughout earth’s hydrologic 
system.  “The resulting degradation of inland and coastal waters impairs water supplies, causes 
oxygen depletion and fish kills, increases blooms of cyanobacteria (including toxic varieties) and 
contributes to waterborne disease” (Foley et al, pg 571).  Therefore, there are significant 
consequences to the environment and potentially to human health from the excessive polluted 
runoff on developed surfaces.   
 Not only do we have to consider the effects of the land that we are creating, but we must 
also consider the impact of the loss of the original land type.  It is generally cheaper for 
developers to build up land outside of the city than to renovate existing neighborhoods within the 
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city.  “Nearly 80 percent of the acreage used for new housing construction in 1994-97 – about 2 
million acres – is outside urban areas” (Heimlich and Anderson, pg 2).  It is not uncommon for 
the area surrounding expanding cities to be agricultural.  Even though these farms provide the 
important service of generating food for the local and/or global community, often agricultural 
land is the most susceptible to urban sprawl.  One study found that worldwide 14.56 X 106 km2 
of former farm land has been lost due to permanent cover change, including settlements (Meyer 
and Turner, 1992).  In the United States, the amount of agricultural land has decreased by 10 
percent, from 447.5 million ha in 1961 to 403.5 million ha in 2009 (FAO, 2011).  This loss is 
even more significant when considering there is only so much land available that is suitable for 
growing food.  “The area suitable for rain-fed agriculture is estimated by some to be about 18.74 
million square km, only 3.75 to 4.00 million square km above the area currently taken to 
represent this land cover” (Meyer and Turner, pg 43).  This loss of agricultural land means that 
food production will be pushed onto increasingly more marginal lands, which exacerbates the 
environmental consequences and reduces potential yields.   
While uncontrolled urban sprawl may be cheaper for the developers and fit with the 
current trend of decreasing population density, it has been shown that this kind of sprawl has 
long-term costs. “A number of studies show that less dense, unplanned development requires 
higher private and public capital and operating costs than more compact, denser planned 
development” (Heimlich and Anderson, pg 3).  Moreover, many individuals in some way 
recognize the importance of natural and agricultural land and support the redevelopment of urban 
areas over land conversion. 
“Based on information and assumptions about the number of acres likely subject to 
development in the future, and on limited studies of residents’ willingness to pay to 
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conserve farmland and open space, we estimate that households would be willing to pay 
$1.4 - $26.6 billion per year to conserve rural lands” (Heimlich and Anderson, pg 4). 
Clearly, this trend of urban sprawl has consequences and costs which are being overlooked in the 
present but may have grave impacts in the near future. 
Since land cover change has been shown to have significant social, environmental, and 
economic impacts, it is critical that local governments put efforts toward reducing urban sprawl.  
In October 2011, Lancaster County’s planning department selected a new comprehensive plan to 
direct the growth of Lincoln and its surrounding areas through 2040.  This policy is referred to as 
LPlan 2040.  This paper will explore the historical trends of development in Nebraska and 
determine if LPlan 2040 exhibits sprawl.  Additionally, there will be a focus on the trends in 
agriculture, namely the size of farms, and how these factors are correlated with development. 
Materials and Methods 
 The research and analysis of this project was divided into three parts:  1) a historical 
examination of trends in urban growth and loss of agricultural land in Lancaster County as well 
as the implications of these changes on crop production; 2) prediction of future growth in 
Lancaster County based on these trends; and 3) comparison of the predicted model of growth to 
the development plan for 2040 in Lancaster County, referred to as LPlan 2040. 
Historical Trends 
Data from the USDA Census was compiled for Lancaster and Seward County for every 
five years between 1982 and 2007. While Lancaster was the primary focus of the study, Seward 
was examined to see if the patterns found in Lancaster were found in other counties.  The type of 
information obtained included the value of farmland per acre and the number of farms by size.  
The sizes of farms were grouped into four categories (Table 1).  The numerical data for both 
counties was exported to Excel to formulate several regressions.  For instance, the number of 
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farms was considered the dependent variable and the independent variables included value of 
farmland per acre, the price of corn per bushel in Nebraska, and the area of Lincoln.  
Additionally, regressions were performed for each farm size group over time.  Also, the size of 
Lincoln served as a dependent variable with the independent variables being the population of 
Lancaster County, the total number of farms in Lancaster, and the value of farmland per acre in 
Lancaster. 
Data from the Lincoln-Lancaster Planning Department was also used.  This source 
provided information on the number acres annexed into Lincoln per year and the cumulative area 
of Lincoln through 1960.  A regression of cumulative area over time provided a linear trend of 
development and an annual growth rate of the area of Lincoln.  Additionally, a multivariable 
regression used the area of Lincoln as the dependent variable with the independent variables 
being the total number of farms, the value of farmland per acre, and the population of Lancaster 
County.   
 Prediction of Future Growth 
 The linear regression of the cumulative area of Lincoln was projected forward to 2040 to 
determine an estimated area based on previous growth trends.  Also, the regression of the 
number of farms by size over time was used to project each group.  This projection illustrates the 
change in the number of farms of each size through 2040.  The size of farms provides 
implications for agricultural and food markets in Lancaster and Seward counties over the next 30 
years. 
Comparison of Predicted Model to LPlan 2040 
 The Lincoln/Lancaster County Planning Department included figures on the quantity of 
land that will be converted to developed space.  This provides a total cumulative area, which is 
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compared to the projected number from the linear regression of the size of Lincoln over time.  
Based on these numbers, it is possible to determine if Lincoln is experiencing sprawl or if the 
Lincoln-Lancaster Planning Department accurately chose a plan that reduces land conversion.      
Results 
Historical Trends 
 The Census data for Seward changed between 1982, 1987, and 1992 for how the sizes of 
farms were classified.  This made fitting the Seward farms into the Lancaster categories (Table 
1) slightly difficult (Table 2). This skewed the number of farms by size during this period, 
especially in 1987 (Table 3).  The differences between the data become even more apparent 
when comparing the graphs for farms in Lancaster (Figure 1) and farms in Seward over time 
(Figure 2).  While Lancaster has a definite increase in Group 1 farms, the trend in Seward 
appears to be downward due to higher numbers in 1982 and 1987.  Whether this is the actual 
trend in farms with less than 139 acres is less clear.  Even with the inconsistencies in 1987, 
Group 2 and 3 for Seward are downward sloping, which is consistent with the trends for these 
groups in Lancaster.  Group 4 for Seward was not affected by the change in data classification, 
and the increase in farms of this size over time is backed by an upward trend for large farms in 
Lancaster as well.  With the two counties combined (Figure 3), the trends for Group 1 and Group 
4 farms are upward sloping, while Group 2 and 3 are both downward sloping. 
Multivariable regressions were run for Lancaster and Seward to see how different factors 
were correlated with the changes in the numbers of farms for each group (Table 4).  Due to the 
difference in data classification, the regressions for farm size for Seward were also run without 
1987 in the data set.  For all groups in Lancaster, Seward, and Combined, the value of farmland 
per acre seemed to have a very small impact on the number of farms, since all coefficients were 
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basically zero and the majority of p-values were greater than 0.2.  The price of corn appeared to 
have mixed effects on the number of farms for each group and also varied by county.  Also, the 
relationship between the area of Lincoln and farm size for Lancaster County and both counties is 
quiet varied.   
In the multivariable regression of the area of Lincoln, several independent variables were 
used.  A positive correlation between the size of Lincoln and each of the three variables, 
including the number of farms in Lancaster County, the value of farmland per acre, and the 
population of Lincoln.  In fact, a new farm in Lancaster is associated with 4.08 acres being 
annexed into the city limits of Lincoln.  Additionally, a dollar increase in the value of an acre of 
farmland is correlated with a 4.16 acre expansion of Lincoln.  Finally, for every new person 
added to the city, Lincoln theoretically expands by 0.14 acres.  These factors, in addition to 
countless others, have played a role in the expansion of Lincoln over time.  A regression of the 
cumulative area of Lincoln over time produces an annual growth rate of 1.06 square miles, or 
approximately 680.32 acres (Figure 4).    
Projections and Comparison to LPlan 2040 
 While the time trends for farm size in Lancaster and Seward Counties may have varied 
independently, when the trends are combined they fit with patterns found throughout the United 
States.  The USDA reported the “farms with fewer than 50 acres and farms with more than 500 
acres have both increased in their share of total farms since 1974, but midsize farms’ share has 
declined” (USDA, 2011).  By 2040, there will be over 4,000 farms with less than 140 acres and 
roughly 750 farms with more than 1,000 between Seward and Lancaster Counties (Figure 3).  
Conversely, it is also projected that moderately-sized farms, those between 140 and 1,000 acres, 
will reach zero around 2038.   
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 Based on the annual growth rate of the city, Lincoln is projected to reach 120.02 square 
miles by 2040 (Figure 4).  However, the actual size of the city is dependent on the annexation of 
additional area as predicted by the Lincoln-Lancaster Planning Department (Figure 5).  
According to the LPlan 2040, there will be 25.27 square miles that will be incorporated into Tier 
1, the area in which development will occur by 2040 (Lincoln-Lancaster Planning Department, 
2012).  With the current area of Lincoln being 91.48 square miles, this puts the total area of the 
city at 116.75 square miles in 2040.  This puts the city under its projected growth by 3.27 square 
miles, or 2.80 percent of the 2040 total area of the city. 
Discussion 
 Based on the projections found within this study, the Lincoln-Lancaster Planning 
Department appears to be successful in mitigating sprawl.  By strengthening the center of the 
city, it is possible to turn development inwards and reduce the amount of land converted.  This 
allows for more agricultural land as well as open spaces to be preserved.  Additionally, 
maintaining these areas means that Lincoln and smaller surrounding cities are more likely to 
have a greater connection with natural areas and better access to local food.  However, achieving 
these benefits of LPlan 2040 are clearly dependent on the planning department following the 
project as it has been initially proposed. 
 The trend in agriculture within these counties also supports a stronger local food market.  
With small scale farms becoming more popular, it is likely that local foods will become more 
readily available.  The USDA reports that “the average local food sales farmer grows high-
valued food commodities on 149 acres,” which is significantly less than the conventional 
farming operating on 392 acres on average (2011).  Thus, with farms under 140 acres becoming 
the predominate farm size in Lancaster and Seward Counties in 2040, farmers markets and 
restaurants with local suppliers are likely going to become increasingly prevalent.   
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Not only will food markets change, but farm size also has important implications on the 
farm’s environmental impact.  Large farms tend to be more industrialized and require more 
artificial inputs, which ultimately lead to water pollution and soil degradation (Matthews, 2009).  
In 2005, over 22 million tons of chemical fertilizers were applied to American farms (USDA 
ERS, 2006).  This does not even include the amount of pesticides, herbicides, and other 
hazardous chemicals which large-scale farmers tend to depend. By operating smaller farms, 
farmers are able to use management techniques, such as crop diversification, to reduce artificial 
inputs.  With the bimodal trend in farm size that is projected to occur in Lancaster and Seward 
Counties, it is difficult to determine the environmental impact of this change over the next thirty 
years.   
Conclusion 
While there are countless factors that play into the process of development, the final 
quantity of land consumed ultimately depends on how closely the county board of commissions 
follows LPlan 2040.  The Lincoln-Lancaster Planning Department is helping to improve the 
environmental quality of these areas by designing the plan in a way that will mitigate the 
ecological and social costs associated with urban sprawl.  The condition of the ecosystem in 
Southeastern Nebraska is greatly influenced by the actions of both rural and urban communities.  
Reducing the amount of open space converted to developed land and encouraging the 
establishment of smaller, less-industrialized farms are each significant ways to promote a vibrant 
and productive region.  This study found that Lancaster and Seward Counties appear to be 
promoting these pricing practices and advancing towards a prosperous and sustainable future. 
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Tables and Figures 
Table	  1:	  	  Definition	  of	  Grouping	  of	  Farms	  by	  Size	  for	  Lancaster	  and	  Seward	  County	  after	  1987	  	  
	   Range	  in	  Farm	  Size	  
Group	  1	   0-­‐139	  acres	  
Group	  2	   140	  –	  259	  acres	  
Group	  3	   260	  –	  999	  acres	  
Group	  4	   1000	  acres	  or	  more	  	  
	  
Table	  2:	  	  Definition	  of	  Grouping	  of	  Farms	  by	  Size	  for	  Seward	  County	  in	  1982	  and	  1987	  
	   Range	  for	  1982	   Range	  for	  1987	  
Group	  1	   0-­‐99	  acres	   0-­‐179	  acres	  
Group	  2	   100-­‐199	  acres	   180-­‐499	  acres	  
Group	  3	   200-­‐	  999	  acres	   500-­‐999	  acres	  
Group	  4	   1000	  acres	  or	  more	   1000	  acres	  or	  more	  	  
	  
Table	  3:	  	  Number	  of	  Farms	  by	  Size	  in	  Lancaster	  and	  Seward	  Counties,	  and	  the	  Combined	  Total	  (USDA,	  
2007)	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Figure	  1:	  	  Farms	  by	  Size	  over	  Time	  in	  Lancaster	  County	  (USDA,	  2007)	  
	  
	  
Figure	  2:	  	  Farms	  by	  Size	  over	  Time	  in	  Seward	  County	  (USDA,	  2007)	  
y	  =	  1.1914x2	  -­‐	  4736.2x	  +	  5E+06	  
R²	  =	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y	  =	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R²	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  0.6868	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  -­‐10.2x	  +	  20713	  
R²	  =	  0.97625	  
y	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  -­‐0.0543x2	  +	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  220548	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Figure	  3:	  	  Farms	  by	  Size	  for	  Lancaster	  and	  Seward	  Counties	  over	  Time	  (USDA,	  2007)	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  1.2693x2	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  5051.9x	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  5E+06	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  of	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  and	  Seward	  
County	  by	  Size	  
Group	  1	  Total	  
Group	  2	  Total	  
Group	  3	  Total	  
Group	  4	  Total	  
Poly.(Group	  1	  Total)	  
Poly.(Group	  2	  Total)	  
Log.(Group	  3	  Total)	  
Power(Group	  4	  Total)	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Table	  4:	  	  Regression	  to	  Predict	  Number	  of	  Farms	  by	  Size	  (USDA,	  2007)	  
	  
Table	  5:	  	  Regression	  Predicting	  Cumulative	  Area	  of	  Lincoln	  (USDA,	  2007	  and	  Nebraska,	  2012)	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Figure	  4:	  	  Area	  of	  Lincoln	  over	  Time	  (Nebraska,	  2012)	  
y	  =	  1.063x	  -­‐	  2048.5	  
R²	  =	  0.9468	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Figure	  5:	  	  Map	  of	  LPlan	  2040	  Land	  Use	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